This study presents meteorological and hydrologic drought effects on sediment yield in a small rural basin, Uğrak Watershed in Tokat Region of North Central Anatolia, Turkey. Sediment yield was estimated by using Modified Universal Soil Loss Equation (MUSLE) model for 25 years period. The maximum and minimum sediment yields were estimated in 1980 and 1997 respectively. Historical precipitation and flow data were analyzed to determine meteorological and hydrological drought by Standardized Precipitation Index (SPI) method. Results showed that there was 10-year drought vs. 15-year wet for meteorological and 14-year drought vs. 11-year wet for hydrological conditions. In the meteorologically drought and wet years, the sediment yields were estimated as 6920.7 tons and 18068.2 tons, respectively. In the hydrological dry and wet years, the sediment yields were estimated as 7417.8 tons and 21489.2 tons, respectively. Sediment yields were found similar in meteorological and hydrological wet and also similar in meteorological and hydrological dry conditions. Drought reduced the sediment yield in the study area.
Introduction
Drought and wet conditions may affect the sediment amount. The suspended sediment loads in a stream are the results of erosion and transportation process. Sediment yield might increase or decrease during drought seasons. Drought influences erosion primarily through changes in the amount and intensity of rainfall, which associated with reduction of cover vegetation (Schumm 1977) . These two factors describe the erosion response to drought. The reduction of rainfall during dry season reduces the erosion; moreover it reduces cover vegetation and the landscape becomes more vulnerable to erosion.
In order to understand which is the most controlling factor on sedimentation in drought condition, several studies has been conducted. Giakoumakis & Tsakiris (1997) used continuous simulation model with the reconnaissance estimation of sediment yield from a hydrological basin to describe drought effect on sediment yield. In their study, sediment yield estimations were found higher during the wet period following a drought period. Pruski & Nearing (2002) used WEPP model to find a relation between changes of precipitation and their significant implications on runoff, soil erosion, and conservation planning. In this study, erosion increased approximately 1.7% for each 1% change in annual rainfall. Rainfall amounts and intensities were found as the most direct and important factor on changes of erosion under various climate. Nearing et al (2005) investigated the response of seven soil erosion models using a few basic precipitation and vegetation data under humid and semiarid watersheds. They indicated that soil erosion is likely to be more affected by rainfall and cover vegetation than runoff, though both are likely impacted in similar ways. Nunes et al (2008) conducted a research to estimate the effect of climate change on water resources, vegetation productivity and erosion. This was done by analyzing the sensitivity of these variables to varying degrees of temperature change, rainfall (reduced by up to 40%) and atmospheric CO 2 concentrations. The SWAT watershed model was applied to 18 large watersheds in two contrasting regions of Portugal (humid and semiarid regions); incremental changes to climate variables were simulated using a stochastic weather generator. The main results indicated that, water runoff is highly sensitive to the trend of climate change. For the milder rainfall changes, soil erosion showed a significant increasing trend in the wheat fields (up to 150% in the humid watersheds). The common agreement of these studies is that the rainfall factor dominates and erosion tends to decrease with decreasing annual rainfall. This suggests that drought is associated with periods of low sediment yield. But the effects of drought on vegetation and sedimentation are nonlinear. The results of numerous plot studies indicated that vegetative cover is the dominant factor controlling erosion, particularly during drought conditions (Dadkah & Gifford 1980; Wood et al 1987; Blackburn et al 1992; Gutierrez & Hernandez 1996) . These studies indicate that the loss of cover vegetation leaves soils so vulnerable to erosion that even with decreases rainfall erosivity during drought seasons, erosion rates increase dramatically. However, it is not clear that drought effect on sediment yield at watershed scale due to watershed complexity. Dodangeh at al (2011) conducted a research to consider for hydrological drought analysis at 26 selected stations out of 41 stream flow gauging stations located at the north of Iran. The study area was found heterogeneous and therefore Fuzzy Cluster Analysis (FCA) algorithm was applied to divide being homogenous subregions. Two regions were identified as the result of FCA analysis and the L-Moment analysis. One region was found homogenous and the Generalized Logistic (GLO) distribution was selected for this region. A study related to hydrological drought by using SPI were conducted in the southern Cordoba Province in Argentina to analyze the potential of the SPI as a tool for monitoring flood risk. This study indicated that the SPI satisfactorily explains the development of conditions leading up to the three main flood events to occur in the region during the past 25 years (Seiler et al 2002) . The numerous studies in Turkey were used to describe drought with the help of SPI method (Yurekli & Kurunc 2006; Yurekli & Anlı 2008; Anlı et al 2009; Yurekli et al 2009; Yurekli et al 2010; Yurekli et al 2010; Yurekli et al 2012) .
Information on the sediment yield at the outlet of a river basin is providing a useful perspective to predict the rates of erosion and soil loss in the watershed upstream. In many countries, such measurements were conducted in some research basins. These research activities needs time and costs. Some empirical equation or models produced from these studies, and these models give some advantages as time and costs. The empirical models are widely used for computing the amount of potential soil erosion and sediment yield. 
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Oğuz et al (2011) stated that the K value which is one of MUSLE equation factors is greatly influenced by land slope. In their study, to describe desertification potential in a rural watershed they compared some soil properties in two slope groups (mild to moderate and moderate to steep) with the help of coefficient of variation and fractal dimension of spatial variation. In the study, they found higher fractal coefficients in steep slopes than mild slope and high fractal coefficients values expected to be short-range variation. Uğrak watershed is a research basin and rainfall and runoff characteristics were investigated for 25 years period. The storm runoff volume and peak runoff parameters are required for MUSLE models and the mentioned parameters were directly obtained from research findings of the watershed.
In the present study, we investigated the effect of drought on sediment yield in a small agricultural watershed. The objective of this study is to compare the sediment yields in meteorological drought and hydrological drought conditions. This was done by history of meteorological and hydrological data and estimated sediment data by MUSLE.
Material and Methods
The present study took place at the Uğrak watershed in Tokat region of North Central Anatolia. The geographical area of the watershed is approximately 700 ha with an elevation ranging from 1292.5 to 1485.0 m above mean sea level ( Figure 1 ). Some of the other geometric characteristics of the catchment area are as listed in Table 1 . The average rainfall is 483.6 mm and minimum and maximum temperature is varying from -3.3 to 17.8˚C. The overall climate of the area is semiarid. The soils, Entisols and Inceptisols are moderate to well-drained. The watershed contains mild to moderate steep areas with low vegetation densities and/or under cultivation. The areas with <12% slopes are mainly cultivated. The major vegetation type in fallow areas is grassland with Graminea and Fabaceae as dominant species, other types being shrubs and meadows. The cultivated areas are relatively large, covering 76.6% of the catchment and the wheatfallow rotation is common. Some woodland, mostly shrubs with a few trees, covering approximately 6.2% of the catchment, are scattered about. The natural grassland mostly degraded due to heavy grazing, covers 17.2% of the area. Daily rainfall and runoff data of the watershed were collected from the three automatic raingauge stations and stream flow gauging station located at the outlet of the study watershed bridge between from 1978 and 2002. 
Sediment Yield Prediction (MUSLE)
The MUSLE was developed from USLE by replacing the rainfall energy factor (R factor) with a runoff energy factor. The equation was developed using individual storm data from 18 basins in Texas and Nebraska and subsequently validated on 102 basins throughout the United States using runoff data generated by the hydrologic component of the SWRRB (Simulator for Water Resources in Rural Basins) model (Williams 1982) . The MUSLE increases sediment yield prediction accuracy, eliminates the need for sediment delivery ratios, and is applicable to individual storms. MUSLE is expressed by Williams & Berndt (1977) , and K is soil erodibility factor (t.h.t -1 m -1 ), LS is topographic factor (dimensionless), C is crop factors (dimensionless) and finally P is erosion control practice factor (dimensionless) similar to the USLE model (Williams & Berndt 1977) . MUSLE is used to predict sediment yield on a single storm basis, but it can also be used to predict sediment yield on annual basis with Equation 2 (Simons & Senturk 1992; Cambazoglu & Gogus 2004 ).
Where As is the annual sediment yield, and Qa is the average annual water yield, and Ys and Qv are single storm event sediment yield and water yield with corresponding return periods, respectively.
Soil erodibility factor was estimated using the Equation 3 given by Foster et al (1991) . 100 =2.1 . 10 (12 − ) +3.25( − 2) +2.5( − 3) (3) Where M [(silt + very fine sand)(100 -clay)] is particle size parameter, a is percent organic matter, b is soil structure code and c is soil permeability class.
The slope length factor (L) was calculated with the help of Equation 4 (Mc Cool et al 1987) .
=( /22.1) (4) Where L is slope length factor, which is field slope length (m), m is a coefficient that depends on slope steepness, being 0.5 for slopes exceeding 5%, 0.4 for 4% slopes and 0.3 for slopes less than 3%. The percent slope was determined from DEM with the help of Equation 5.
Where s is slope steepness factor and θ is slope angle in degree.
The cover and management factor (C factor) represents a combined effect of interrelated cover and management variables. C values derived from local research findings for each land use. The support practice factor (P factor) represents a combined effect of support practices and management variables. They are also known as structural methods for controlling erosion. In an area, if conservation practices are not followed P value should assign as 1.
The Method of L-Moments
To obtain the sediment and water yield with corresponding return periods in the watershed, we used the distributions of Normal, 2-parameter Log-Normal, Extreme Value Type I, Generalized Logistic, Generalized Pareto, Generalized Extreme Value, 3-parameter Log Normal. The parameter estimation of the distributions taken into account in the study was obtained from L-moment approach as defined by Hosking and Wallis (1997) . L-moments are linear combinations of probability weighted moments (PWM). Greenwood et al (1979) summarizes the theory of PWM and defined as; 
Where X j is an ordered set of observations x 1 ≤ x 2 ≤ x 3 ≤ …x n . For any distribution the first four L-moments are easily computed from PWM using;
The goodness-of-fit-test based on the KolmogorovSmirnov approach given in Haan (1977) was used to select the best distribution fit to the sediment and water yield data.
Standardized Precipitation Index (SPI) Algorithm
In our study, the Standardized Precipitation Index (SPI) approach was used to determine sediment yield in wet and drought periods. The SPI developed by McKee et al (1993) is a way of measuring drought based only on precipitation. Although the SPI approach was originally developed to monitor drought from precipitation, but in the study the SPI was used in predicting wet and drought periods based on both precipitation and stream flow. The SPI are used to monitor conditions on a
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variety of time scales. Technically, the SPI is the number of standard deviations that the observed value would deviate from the long-term mean, for a normally distributed random variable. The SPI have some advantages for the following reason. Precipitation is only variable in the SPI calculation. Therefore, this index can be applied in regions where the availability of climatic variables limits the use of other wellaccepted indices as Palmer Drought Index (PDSI). SPI, which has a wide spectrum of time scales, make this index more flexible for both short-term and long-term drought monitoring (Edwards & McKee 1997) . The SPI algorithm is conceptually equivalent to z-score commonly used in statistic:
Where SPI is represent the standardized precipitation index, P i is rainfall for a given period, n is the total length of record and σ p is standard deviation.
It is known that rainfall is typically positively skewed. Therefore, the precipitation data should be transformed a more normal or Gaussian symmetrical distribution to use the above z-score relationship (SPI). McKee et al (1993; 1995) and Komuscu (1999) implied that the long-term rainfall data sets must first be normalized to determine SPI belonging to the data sets. The prevalent conviction related to the transformation of monthly rainfall is that the gamma distribution is applied. Thorn (1966) stated that monthly rainfall generally fit to the gamma distribution. Guttman (1999) examined the impact of six distributions on SPI and recommended that Pearson Type III distribution is the best way to normalize long-term data when calculating SPI. Edwards and McKee (1997) suggested gamma distribution with two parameters to transform the precipitation data.
Sediment yields in meteorological and hydrological drought and wet conditions were compared using t-test.
Results and Discussion
For estimating of soil erodibility factor for each soil series, soil samples were taken from the topsoil. The calculated K values using the Equation 3 are presented in Table 2 . In the study area, the calculated K values varied between 0.03 and 0.25 t.h.t 
Figure 2-Distribution of soil erodibility factor in the study watershed Şekil 2-Çalışma havzası aşınıma duyarlılık dağılımı
The factors of C were assigned to different land use types (Table 3 ) and were presented spatially in Figure  4 . There are 3 main land use types as cropland, grassland and shrub in the Uğrak watershed. The crop management factors for cropland were obtained experimental plots (Oğuz et al 1998) . On the other hand, the crop management factors for grassland and shrubs were used by previously proposed values of Çanga (1995) .
In the study area, conservation practices are not followed. Hence, the conservation practice factor of 1 was assigned. Finally KLSCP values were multiplied in ArcGIS environment and the result is presented spatially in Figure 5 . Average KLSCP value was found 0.07 and some statistical evaluations were given in Table 4 . In order to calculate the sediment yield in U ğ rak watershed by MUSLE, average KLSCP value was taken as 0.07. The average long-term discharge of the Ugrak watershed was 55.64 mm/year. Fourteen storms, for which an accurate and a reported data were available, were selected in the present study and detailed information is shown in Table 5 (Oguz & Balcin 2003) .
The selected storms of Uğrak watershed were used in applying Equation 1, and the results are presented in Table 5 . The next step to predict annual sediment yield in the watershed were applied Equation 2. For this purpose the weighted storm yield was multiplied by the ratio of annual water yield to single storm sediment yield and water yield at some return periods (Table 6 .). Table 6 is predicted from the Log-Normal distribution. The Log-Normal distribution among the distributions used in this study had the most minimum KolmogorovSmirnov test value than the other distributions. Therefore, the Log-Normal distribution was selected as best-fit distribution in order to obtain the sediment and water yield with corresponding return periods. The computation of annual sediment yield after using MUSLE was presented in Table 7 .
In this study, annual total rainfall and flow were used to determine meteorological and hydrological drought in the watershed. For this purpose we used Standardized Precipitation Index (SPI) to rainfall and flow between 1978-2002 years for 25 years period. In this period, 10 years drought and 15 years wet were found as meteorological and 14 years drought and 11 years wet were experienced as hydrological ( Table 7) . As rainfall and stream flow data were skewed, the mentioned data was transformed by taking logarithm of the data set. Thus, the rainfall and stream flow data were transformed a more normal or Gaussian symmetrical distribution to use the above z-score (SPI) relationship. Estimated sediment yield by MUSLE were grouped meteorologically and hydrological drought and wet conditions in Figure 6 . Sediment yields in meteorological and hydrological drought and wet conditions were compared using t-test and presented in Table 8 . The estimated mean sediment yields were found similar in meteorological and hydrological wet conditions, whereas it was significantly different in meteorological and hydrological drought conditions. Changes in rainfall, erosion and as well as in the amount of cover vegetation result in further changes in both hydrology and soil erosion. These interactions may not be accurately represented by watershed complexity.
Increasing precipitation and stream flow often result to increasing erosion as well as the amount of suspended sediment in a watershed. In U ğ rak watershed we concluded that the drought decreases sediment yield dramatically. Same result was found in the Selenga River watershed within the Yenisey River watershed in southern East Siberia (Korytny et al 2003) . In that study, an increase in precipitation was observed by an increase in suspended sediment load. As contrast, at four watersheds, the Edwards Plateau Land Resource Area of Texas in USA, were combined with the results of three prior surveys to assess the effect of the 1950s drought on sediment yield (Dunbar et al 2010) . It was concluded that drought increased sediment yield dramatically. This suggests that the reduction of cover vegetation during the drought period become the rangeland so vulnerable to erosion. This factor outweighed the reduction in rainfall erosivity. In Uğrak, watershed land use is mostly dry farming (Table  3) . Limited perennial vegetation and limited reduction of cover vegetation had a limited effect on sediment yield at drought conditions in the watershed. Because of having different watershed characteristics, drought effect on sediment yield is different for every watershed. Therefore, more studies should be done to determine the effect of drought and wet conditions on sediment yield in different watersheds throughout the world.
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Conclusion
Average rainfall and sediment yield were found as 403.9 mm and 6920.7 ton for the meteorological drought years and 536.7 mm and 18068.2 ton for the meteorological wet years, respectively. These values were measured as 30.7 mm and 7417.8 ton for the hydrological drought years and 87.3 mm and 21489.2 ton for the hydrological wet years. The sediment yields were found similar within the meteorological and hydrological wet conditions and at the same time within the meteorological and hydrological drought conditions. Average sediment yield was found statistically significant at meteorological and hydrological drought and wet years. In U ğ rak watershed, cultivated lands cover larger areas than grassland and shrub areas therefore much more soil erosion occurred in wet years in the watershed. In the study, negative correlation between drought and sediment yield was also found. 
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